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Hydrologic characterization of land classes at 


White Tail Butte EMRIA study area, Wyoming 


by 


Gregg C. Lusby 


The White Tail Butte study area was divided into three major land 
classes, each of which possess runoff characteristics which are similar 
over its areal extent. Rainfall simulation runs were made on each of 
the land classes to determine the hydrologic characteristics of the 
class as baseline data for comparison with future changes which might 
occur from surface mining. The extent of each land class was determined 


from areal photographs and is shown on the accompanying map. A response | 


similar to that obtained from the applied simulated rainfall could be 
expected from areas of the same hydrologic class shown on the map. The 
simulation sites were chosen to be representative of the terrain within 
each hydrologic class. However, runoff and sediment yield values may 
have to be altered somewhat to compensate for radically dissimilar 
slopes and soil depth. 


Methods used to obtain the data from each simulation site listed 
in table 1] are as follows: 


1. Runoff--Measured in a Parshall flume with 1] inch throat. 
Readings of stage made at 1 minute intervals and converted 
to discharge in cubic feet per second. From these data a 
runoff hydrograph was constructed and total volume of runoff 
was computed and expressed in inches per unit area. From 
these data an infiltration rate curve was also constructed 
by subtracting the runoff from the rainfall applied for each 
1 minute interval and expressing as the infiltration rate in 
inches per hour. 


2. Precipitation--Measured in a network of rain gages within the 
study area. Rainfall for the total area was computed using 
the Thiessen Polygon method. 


3. Sediment yield--Water samples were obtained from the outflow 
at 3 minute intervals and were analyzed from sediment concen- 
tration. The sediment concentrations were plotted and a con- 
centration curve was drawn between points. Prometnis curve 
a concentration was obtained for each minute and was used in 
conjunction with the discharge for that minute to compute the 
sediment load. Total sediment load is expressed in pounds 
and in tons per square mile. 


4. Area--Obtained from a topographic survey of the site. 
Expressed in square feet. 








5. Weighted mean slope--Obtained by measuring the area between 
contours and weighting the slope of that area according to 
the percentage the area is of the whole. 


6. Antecedent moisture--Obtained from gravimetric samples of the 
top 10 centimeters of soil. ‘Samples are usually taken at four 
locations within the site and averaged for the final result. 
Expressed as percentage by weight. Two runs are normally made 
at each site. The first in a dry condition and again after 
water in the soil has come to a gravimetric equilibrium. Soil 
moisture samples are taken before each run. 


7. Clay--Obtained from soil samples taken from the top 10 centi- 
meters of soil at numerous locations within the site. Samples 
are analyzed for percentage by weight of material less than 
0.002 millimeters in diameter. . 

8. Root concentration--The amount of fibrous root material in the 
top 10 centimeters of soil. Expressed in grams per 100 grams 
of soil. 


9. Bare soil and rock--Obtained from three 20-foot transects within 
each site uSing a point frame and the first point contact method. 
Pins lowered to the vegetation or ground surface at 2 inch inter- 
vals are recorded as first encountering aerial vegetation, muich, 
bare soil or rock. Expressed eas hits per 100 pins. 


10. Reconstructed runoff--Rainfall applied normally varies somewhat 
about the standard of 1.5 inches in 45 minutes. In order to 
compare runoff results on a standard basis, a runoff hydrograph 
is reconstructed using infiltration rates actually determined 
and rainfall amounts applied by the standard storm of 1.5 inches 
in 45 minutes. 


Chemical analyses 


Samples of the outflow from each site were obtained at 3 minute 
intervals for chemical analyses. These samples were composited in 
sequential groups so that three or four samples were obtained for tne 
entire runoff period. An analysis was made on each composite sample 
for the items listed in table 2. An analysis of the water applied is 
used as a standard, and other values listed are either an increase (+) 
or decrease (-) of these values in the runoff water. 


Precipitation 


A frequency of recurrence of maximum daily precipitation during 
the months April through October at Gillette, Wyoming is shown on 
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figure 1. From this curve the following data on the magnitude of 
storms of various recurrence interval were obtained. These data give 
a general idea of storms in the vicinity of the study area. 


Recurrence Interval (years) .. Precipitation (inches) 


Sag ie 1.71 
10 2.74 
yas) =3.19 
50 Sed fi 


A description of each study site and of each hydrologic class 
follows. A list of precipitation events of different recurrence inter- 
vals and durations that were obtained from Weather Bureau Technical 
Paper 40 are also shown for each site. The volume of runoff that might 
be expected from storms of this type was computed using infiltration 
rates obtained from the original simulation events. 


Hydrologic Class A 


This class consists of the tops of numerous small conical-shaped 
hills in the study area. The underlying material is made up of scoria 
which is very permeable. No appreciable increase in runoff was noted 
after the soil had been wetted. The following data was obtained from 
the simulation site. 


Weighted mean slope = 18.4 percent 
Clay 22.2 percent 
Bare soil and rock 7.7 percent 


Expected runoff, in inches, from storms of designated recurrence 
interval, in years (RI), duration, in minutes (D), magnitude, 
in inches (M), and antecedent moisture, in percent (AM) 


RI/D/M AM = 5.7 AM = 24.0 
2/30/0.60 0 0 
10/30/1505 .08 -08 
25/30/1.30 .29 - 36 
50/30/1.50 35 sat 
2/60/0.80 0 0 
10/60/1.30 0 0 
25/60/1.60 0 0 
50/60/1.80 0 0 
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Recurrence interval, in years ‘ 


Figure |,--Recurrence of maximum yearly 24 hour rainfall (Apr-Oct) at Gillette, Wyo. 
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Hydrologic Class B 


This class occurs on parts of the study area that have been eroded 
into the underlying formation. Clay content of the soil is generally 
greater than 50 percent and bare soil and rock make up a large part of 
the surface. This class probably produces most of the sediment derived 
from the area. The following data was obtained from the simulation sites. 


Expected runoff, in inches, from storms of designated recurrence 
interval, in years (RI), duration, in minutes (D), magnitude, 
in inches (M), and antecedent moisture, in percent (AM) 


Class B ~ site I 
Weighted mean slope = 9.5 percent 


Clay = 53.1 percent 
Bare soil and rock = 34.0 percent 
RI/D/M AM =38.5 AM =°22.7 

2/30/0.60 0.06 0.15 
10/30/1.05 14 - 56 
25/30/1.30 -60 81 
50/30/1.50 .78 1.02 
2/60/0.80 BOL Anal 
10/60/1.30 aS 7, eo 
25/60/1.60 -61 -80 
50/60/1.80 . 80 .99 


Class B - site 2 
Weighted mean slope = 15.9 percent 


Clay = 52.6 percent 
Bare soil and rock = 48.7 percent 
RI/D/M AM = 7.2 AM = 014.5 
2/30/0.60 Om 0.19 
10/30/1.05 -48 -59 
257 30/1050 .69 82 
50/30/1.50 -89 Le02 
2/60/0.80 -04 .05 
10/60/1.30 eel .48 
25/60/1.60 a7) 272 
50/60/1.80 . 89 .97 


Hydrologic Class C 


This class supports an excellent stand of grass which inhibits 
erosion even though runoff is fairly high. It is contained in many 
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of the grassy swales which show no signs of cutting and actually may 
be agrading. Slopes range from almost flat to fairly steep on some of 
the well-vegetated hillsides. The following data was obtained from 
the simulation site. j 


Weighted mean slope 6.1 percent 
Clay 24.2 percent 
Bare soil and rock = 8.0 percent 


i} 


Expected runoff, in inches, from storms of designated recurrence 
interval, in years (RI), duration, in minutes (D), magnitude, 
in inches (M), and antecedent moisture, in percent (AM) 


RI/D/M AM = 11.5 AM) = 27.0 
2/30/0.60 0 : 0 
10/30/1.05 18 eg pea 
2S 30/1.30 A2Y| Sf 
50/30/1.50 -58 .80. 
2/60/0.80 0 0 
10/60/1.30 0 ay 
25/60/1.60 ale 35 
30/60/1.80 -30 755 


The following curves for runoff, sediment concentration, and 
infiltration rates were obtained from the simulation sites. The hori- 
zontal part of the infiltration curve indicates that the actual infil- 
tration rate exceeded the rainfall rate. The curves are related to 
the hydrologic classes by the following key. 


Hydrologic Class A - White Tail Butte 
Do. 


w 
Ne 


I 
NOR we 


Hydrologic Class B - White Tail Butte 
Do. 
Do. 
Do. 


Se erase 


Hydrologic Class C - White Tail Butte 4-1 
Do. 4-2 
Water discharge is in cubic feet per second and sediment concen- 


tration in milligrams per liter. 


Pictures that are available for the simulation sites are provided 
to aid in the identification of the hydrologic classes. 
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Table 1.--Data obtained from simulation sites at White Tail Butte Study area 


eee ee ee 
2- Site 
Variable ; 
1-1 1-2 2-1 2-2 3-1 3-2 4-1 4-2 


ee SS eee 


Date 8-19-76 8-20-76 8-22-76 8-23-76 8-17-76 8-18-76 8-12-76 8-13-76 
win (ty aie PeAS4o 25194 1,976 1,976 2,298 2,298 3,194 3,194 
Weighted mean slope . 
(percent) 9.5 9.5 15.9 15.9 18.4 18.4 Gor 6.1 
Antecedent moisture 
(percent) 8.5 wey Tee 14.5 a7 24.0 1145 27:20 
Clay (percent) Saal sical 52.6 52.0 Vat xy 2202 2462 2hez 
Root concentration 
(2/100 g) 2.628 2.628 .848 . 848 2.484 2.484 1.206 1.206 
Bare soil and rock | 
(percent) 34.0 oen34.0 48.7 48.7 H hace | PieZ 8.0 8.0 
Precipitation (inches) Re ley os Ladi 1 i Wa 1.69 Poo 135/ Lot 1.5/7 
Runoff (inches) 69 1.05 Ol 1301 203 .05 -40 +67 
Sediment 
pounds TI, 74 15.97 3/7219 44.02 sh Bg 64 sate aie 2 
tons per sq. mi. 74.6 101 267 oil 1.0 ce) a 14.0 


Reconstructed runoff 
(inches) : -68 eS7/ wh 87 ~10 .10 ou i ie 3 | 


a Tar ee rsa DS EN Leetonia oP rem csc serra mens SE 





Table 2.--Changes in water chemistry (+ or ~) of runoff water as compared to applied water 


Variable 


. . : 


Specific Residue ea er A eat ER ile np ie eS ee EN 8 

Site Composite PH ducts mg/L Calcium Magnesium Potasstum Sodium Bicarb. Carbonate Chloride Flouride Sulfate NO, HNO3 MEQ/L VEGI 
LN TS A 

White Tail 1-1 Applied 7.5 208 129 27 5.9 8.0 3.3 90 0 201 0.1 30 0-11 2.181 2.172 

1 + .1 + 57 +33 + 6 +66 +2.0 +2.3 +24 0 +1.4 +.1 +1 ¥1.3 +.513 + .335 

2 + .2 + 43 +16 +4 +.) +2.0 +.) +17 0 1.3 es -2 + 3 +.263 + .302 

3 ee + 35 +16 +3 2162. +1.8 +e. 3 +23 0 + .6 +1 -1 - 1 +.192 + 2372 

White Tail 1-2 Applied 7.5 208 129 > ie 5.9 8.0 3.3 90 0 2.1 0.1 30 0.11 2.181 2.172 

} vane + 56 +26 +9 + .8 +2.0 +1.2 +21 0 + .6 +1 0 + .03 +.568 + .369 

2 S| + 47 +22 +5 +. +124 +1.0 +25 0 + 24 +.1 -1 + .01 +.337 + 405 

3 Pe a + 36 +14 +5 + .3 +2.0 + .6 +12 0 ) +.1 -1 = 507 +. 33) + .l76 

White Tail 2-1 Applied 7.5 208 129 27 5.9 8.0 3.3 90 0 ra | 0.1 30 0.11 2.181 2.172 

} = 32 +131 +70 +19 +3.3 +5.0 + ..5 +61 0 +4.2 +.1 +4 “t.28 1.369 43.227 

2 0 ‘+ 81 +38 +13 o +1.7 +1.3 HP or: +39 0 + .4 rad 0 + .01 +.830 + .657 

3 PaO + 68 +31 +11 +1.1 +1.5 to? +32 0 + .6 +.1 +) 0 +.656 526 

White Tail 2-2 Applied = 7.5 +208 129 27 5.9 8. 3.3 90 0 2e1 Ot 30 0.11 2.181 22372 

1] -.1 ar hy +54 +13 +3.0 tele ‘+ 5 +51 0 + .6 spo) +7 + .04 +.960 +}.667 - 

2 a + 67 +37 +9 +1.7 +162 + .7 +41 0 + 3 +.1 +) + .01 +.650 + .707 

3 +1 + 62 +27 +8 +165 + .9 + .6 +29 0 + .1 +. -1 - .01 +.571 + .462 

White Tail 3-1 Applied 7.5 208 129 27 5.9 8.0 3.3 90 0 21 0.1 30 0.11 2.181 2372 

l -1.0 - 8 -4 - 5 - .6 +4.0 ‘+ .6 -20 0 +2. 0 +1 + .4) -.171] - .218 

2 - .8 ae -7 - 5 - 3 +4.9 - .2 -17 0 + .8 0 0 +7025 -.181 - 2245 

3 - 65 + 2 - 5 - 5 - 65 +3.0 +21 -10 0 + .8 +.1 +1 + 01 -.210 - 114 

White Tail 3-2 Applied 7-5 208 129 27 5.9 8.0 303 90 0 201 0.1 30 0.11 2.181 2.102 

; 1 - .8 +17 +15 -1 +5 +2.0 +1.1 0 0 + .9 +.1 +1 +1.8 +.099 + .179 

2 - .3 + 12 +4 -1 = el +1.8 + .5 +1 0 + .3 +.1 -1 + 216 +.009 + .021 

3 - .2 + 15 +4 -1 - 1 +1.6 as 2 +1 0 wel +.1 0) + .39 -.009 + .052 

White Tail 4-1 Applied 7-5 208 129 27 5.9 8.0 3.3 90 0 Zul 0.1 30 0.11 2.18} 2.172 

1 -1.0 +13 +12 -2 - +1.0 +3.0 +2.1 -1 0 +1.6 0 +4 + .30 +.150 i338 

2 - 4 + 9 0 -2 0 +2.0 + .3 - 2 0) + 25 0 ) +=. 09 ~.036 - .018 

3 - .3 + 6 =} ~ - 1 +1.0 0 - 2 0 + «1 0 0 = .04 ~.033 - .033 

x 75 208 129 27 5.9 8.0 3.3 90 0 yirg 0.1 30 0.11 2.181 2.172 

Khite Tail 4-2 fle Shs rae ret ay 0 +1.8 Sued 0 0 + .3 0 +2 + .05 -.008 + 2054 

2 = 21 Rear 8 +3 0 =. +1.5 0 0 0 ie3 +o] 0 +°.01 +.020 + .014 
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